Introduction
The family Nemouridae is represented in Europe by only four genera, all of them present in France. Newman established the family Nemouridae in 1853. He included in it all the families that at present are comprised in the super family Nemouridea (Zwick 1973 ). In the 19 th century, the first descriptions of European Protonemura species, were assigned to the genus Nemoura (Pictet 1835 , 1841 , Morton 1894 . Few years after, Kempny (1898) and Ris (1902) considered Protonemura as a subgenus of Nemoura. In the 20 th century, Klapalek (1905) separated the Nemouridae into four families : Capniidae, Leuctridae, Nemouridae and Taeniopterygidae. Afterwards, Mosely (1930) , Kimmins (1940) , Illies (1955) , Aubert (1959) , and the following authors considered Protonemura as an autonomous genus. Regarding the French Protonemura, there have been several main compilations : the monograph of the French stoneflies by Despax (1951) that provides detailed descriptions and illustrations for 13 species of Protonemura ; the works by Aubert in the main French mountainous regions : Massif Central (1963a , 1963d , Vosges (1963b) and French Alps (1986) ; the contributions by Berthélemy in the Pyrenees (1960, 1963, 1966, 1981) and Massif Central (Berthélemy 1965 , Berthélemy & Laur 1975 . For this study, the review of our French Protonemura material collected during the last twenty years allows us to identify two new taxa : P. zhiltzovae sp. n. occurring in the Pyrenees and P. ausonia padana ssp. n. inhabiting the Western Alps and Northern Apennines. At the present time the genus Protonemura is represented in France by 25 species.
Material and methods
The material of Protonemura used in this study belongs to the private collection of G. Vinçon. The specimens were collected in the main French mountain and upland regions (Fig. 11) . The number of collecting sites are : Alps 175, Pyrenees 137, Massif Central 40, Corsica 28, Jura 22, Brittany 5, Vosges 2 and Normandy 1. In each collecting place, the sampling took about an hour. The captures were made first with a Japanese umbrella in the close surrounding of the watercourse and afterwards searching under the stones and in the stream bank vegetation. Most of the sampling sites were visited several times a year, in spring, summer, autumn and sometimes in winter. The material is preserved in alcohol (70%). The identifications are always Ann. Limnol. -Int. J. Lim. 2005, 41 (2) , A review of the French Protonemura (Plecoptera, Nemouridae) G. Vinçon 1 *, C. Ravizza 2 In this revision of the 25 French Protonemura, two new taxa are described : P. zhiltzovae sp. n. and P. ausonia padana ssp. n. Moreover, P. spinulosa (Navás 1921 ) is restored to the species level. Affinities, etymology, ecology and distribution are commented on for each species. Identification keys and drawings are given for males and females. Finally, Protonemura distributions within the main French mountainous massifs are discussed.
Keywords : Plecoptera, Protonemura, France, Corsica. based on adult specimens. Moreover to complete our study, specimens were borrowed in few European collections : Aubert, Berthélemy, Despax, Fochetti and Ravizza. Original drawings are made by G. Vinçon, using a camera lucida mounted on a stereomicroscope. Some drawings are reproduced from the literature and modified by us afterwards, as indicated in the legend of the figures. In the description of the male and female terminalia we use the terminology proposed by Baumann (1975) . The morphological structure of the adults is illustrated in Fig. 1 . Type specimens are deposited in the Zoological Museum of Lausanne, Switzerland. Other specimens are hold by G. Vinçon (Grenoble, France) and C. Ravizza (Milano, Italy) .
boneri, 800 m, 3 , 1-XI-99. Po Valley, Paesana, Pian Munè, 1530 m, 7 , 7 , 7-X-02 (Delmastro leg.). Varaita Valley, SW. Rossana, Lemma, 1 , 27-XII-94. Maira Valley, crossroad to Comaglieres, 8 , 2-XI-99. Grana Valley, NW. Valgrana, Piatta, 2 , 4 , 24-XII-94; 1 , 3 , 2-XI-99; SW. Monterosso Grana, Frise, 1 , 27-XII-94; Crissolo, Martino br., 1380-1400 m (Ravizza Dematteis & Ravizza, 1988) . Maritime Alps : Stura di Demonte Valley, Pietraporzio, Vallone de Pontebernardo, 1350 m, 3 , 2 , 6-XI-02 (Delmastro leg.). Liguria, Ligurian Alps: Triora, Argentina trib., 650 m, 1 , 9-X-01; SW. Pieve di Teco, Rezzo, 560 m, 1 , 28-XII-94. Garéssio, Tanaro tributary, 650 m, 1 , 10-X-01; S. Calizzano, Bardineto, Bormida di Millesimo spring, 820 m, 1 , 1 , 11-X-01 (Fochetti leg.) . Ligurian Apennines : NW. Savona, Monte San Giorgio, Porassino brook, 750 m, 2 , 6 , 5-XII-81 (Ravizza leg); Montenotte, Erro br., 750 m (Ravizza 1976) . Emilia-Romagna : Emilian Apennines : Costiolo del Giovà, Staffora spring, 1300 m; Casalstaffora, Venera br., 1050 m; Casanova S. Torbido br., 570 m (Ravizza 1974); Ferriere, inlet of Moo lake, 1200 m; Ferriere, Nure br., 550 m (Ravizza & Ravizza Dematteis 1979) ; BedoniaCordolo, Lecca spring, 1500 m (Ravizza & Ravizza Dematteis 1978) ; Bedonia, Lecio tor., 1500 m, 12 , 14 , 25-IX-76 (Ravizza leg); Lagdei di Corniglio, Parma br., 1250 m; Bosco di Corniglio, Parma, 950 m; Le Ghiare di Corniglio, Parma, 500 m . Etymology : It is named padana, inhabiting the Po valley, from Padus the Latin name of the Po River; indeed P. ausonia padana mainly occurs along tributaries of the Po River in the western Alps and northern Apennines. Description : P. ausonia padana is a large species : body length, male 6.1-8.0, female, 7.5-11.0 mm. It is normally winged, male, forewing length 7.2-8.5, female, forewing length 9.1-11.1. Head and body dark brown; legs brownish with darker longitudinal strips. Male genitalia : Tergite VII with a slightly prominent group of strong spines medially on the posterior margin. Tergite VIII with two prominent groups of strong spines projecting backwards. Tergite IX similar to tergite VIII, but the notch between the two groups of spines is deeper. Sternite IX normal, basally with a racket-shaped well developed vesicle; the subgenital plate is distally ending in a tapering extension as usual in this genus. Tergite X with few tiny spines around epiproct tip. Epiproct slender in dorsal view, slightly widening before the tip. It terminates in a forked expansion (Fig. 2 o) . Lateral sclerites thin, thread like, gently curved upwards near the epiproct tip (Fig. 2 m) . Ventral sclerite supporting a strong rounded projection with many long spines. In apical view, the ventral sclerite is forked (Fig. 2 n) . Paraprocts: Inner lobe blade like and mostly hidden by the subgenital plate. Median lobe subtrapezoidal, narrowing toward the apex; it extends distally into a long, thin, sickle-shaped, sclerotized expansion ( Fig. 2 k) ; this expansion is curved inwards and ends gradually into a sharp point. Outer lobe with a well developed membranous field and a strong cercal sclerite regularly bent around the cercus and carrying few apical spines (Fig. 2 l) . Cerci well developed, slightly longer than the paraprocts. Female : Sternite VII with a postero-median well pigmented pregenital plate. Sternite VIII subgenital plate lips-shaped, slightly depressed along its midline. Vaginal lobes strong, subtriangular, well developed on each side of the subgenital plate (Fig. 2 p) . Affinities : Closely related to P. ausonia ausonia from which it differs by the following features: In the male : -paraproct's median lobe with a long, thin, gently curved, sclerotized expansion ( Fig. 2 k, l) ; in P. ausonia ausonia, this expansion is not so long, stronger and about rectilinear (Consiglio 1955, Fig. 2-4) , -paraproct's outer lobe with few terminal spines (2 to 6, rarely more, Fig. 2 l) , in P. ausonia ausonia the apical spines are much more abundant (15 to 30, rarely less) (Consiglio 1955, Fig. 4, 5) (h) . Abbreviations: c = cercus; ds = dorsal sclerite il = inner lobe; ml = median lobe; ol = outer lobe; pa = paraproct; sp = spines; v = vesicle; vl = vaginal lobe; vs = ventral sclerite (a,f-h after Aubert; b after Baumann; c-e originals).
developed forked expansion at the tip of the epiproct (Fig. 2 m, o) ; in P. ausonia ausonia this forked expansion is not extending at the apex of the epiproct (Consiglio 1955, Fig. 1, 6) ; it is retracted inside the epiproct and sometimes visible by transparency. The females of P. ausonia padana differ by the wide subgenital plate, looking like lips ( Fig. 2 p) ; in P. ausonia ausonia this subgenital plate is longer, and tongue shaped (Consi- (Zwick, modified) . Tip of the female abdomen in ventral view (e). P. tuberculata : Tip of the male abdomen in ventral view (f), paraprocts in lateral view (g) (Vinçon) . Epiproct in lateral view (h) and dorsal view (i) (Berthélemy) . Tip of the female abdomen in ventral view (j) (Vinçon). P. ausonia padana ssp. n. : Tip of the male abdomen in ventral view (k), paraprocts in lateral view (l), epiproct in lateral view (m), apical (n) and dorsal view (o), tip of the female abdomen in ventral view (p) (Vinçon (Zwick, modified) . Tip of the female abdomen in ventral view (e) (Vinçon) . P. corsicana : Tip of the male abdomen in ventral view (f), paraprocts in lateral view (g) (Vinçon) . Epiproct in lateral view (h) and dorsal view (i), tip of the female abdomen in ventral view (j) (Consiglio) . P. bucolica : Tip of the male abdomen in ventral view (k), paraprocts in lateral view (l), epiproct in lateral view (m) and dorsal view (n), tip of the female abdomen in ventral view (o) (Consiglio) .
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(6) Fig. 4 . P. praecox : Tip of the male abdomen in ventral view (a), paraprocts in lateral view (b), epiproct in lateral view (c), tip of the female abdomen in ventral view (d) (Kis) . P. risi : Tip of the male abdomen in ventral view (e), paraprocts in lateral view (f), epiproct in lateral view (g), tip of the female abdomen in ventral view (h) (Kis) . P. spinulosa : Tip of the male abdomen in ventral view (i), paraprocts in lateral view (j), epiproct in lateral view (k), tip of the female abdomen in ventral view (l) (Vinçon). (Vinçon) . Paraprocts in lateral view (b) (Aubert) . Epiproct in lateral view (c); tip of the female abdomen in ventral view (d) (Vinçon) . P. vercingetorix : Tip of the male abdomen in ventral view (e), paraprocts in lateral view (f), epiproct in lateral view (g), tip of the female abdomen in ventral view (h) (Aubert) . P. nimborum : Tip of the male abdomen in ventral view (i), paraprocts in lateral view (j), epiproct in lateral view (k), tip of the female abdomen in ventral view (l) (Kis).
(11) 109 Fig. 9 . P. nimborella : Tip of the male abdomen in ventral view (a), paraprocts in lateral view (b), epiproct in lateral view (c), tip of the female abdomen in ventral view (d) (Kis) . P. montana : Tip of the male abdomen in ventral view (e), paraprocts in lateral view (f), epiproct in lateral view (g), tip of the female abdomen in ventral view (h) (Kis) . P. algovia : Tip of the male abdomen in ventral view (i), paraprocts in lateral view (j), epiproct in lateral view (k), tip of the female abdomen in ventral view (l) (Mendl) . Consiglio, 1955 (new status) Nemoura (Protonemura) ausonia Consiglio, 1955 : 70 fig. 
Protonemura ausonia ausonia

1-8.
Protonemura ausonia -Illies, 1966 : 224. The typical P. ausonia ausonia (new status) does not occur in France but since we change its status, we give the list of the studied material from Central and Southern Italy. We do not give any description since the original drawings and description are precise enough (Consiglio 1955 Zwick & Vinçon, 1993 (Fig. 3 a-e) (Fig. 12) Protonemura canigolensis Zwick & Vinçon, 1993 : 54- Protonemura corsicana (Morton, 1930) (Fig. 3 f-j)
Protonemura canigolensis
Nemoura corsicana Morton, 1930: 80-81 fig. 3 -5.
Nemoura (Protonemura) corsicana -Despax, 1951 : 70 fig. 29 ; Consiglio, 1957a : 127 fig. 7-8, 10-11. Protonemura corsicana -Illies, 1966 Material : Corsica : Haute-Corse, Corse-du-Sud. Type locality : Corsica, France. Etymology : From Latin corsicanus = inhabitant of Corsica. Affinities : Type species of the corsicana group. It is related to the Sardinian endemic P. ichnusae Consiglio, 1957a and the Sicilian endemic P. helenae Nicolai, 1985 . Ecology : Orophilic and rheophilic species common in the montane zone (550-2000 m), where it is more frequent above 1000 m. We have never collected it in the lower reaches. The adults have a long flight period (V-X). Distribution : Endemic to Corsica. (Consiglio, 1957) Consiglio, 1957 : 128 fig. 1-6, 9, 11. Protonemura bucolica -Angelier, 1958 Illies, 1966 : 226-227. Material : Corsica : Haute-Corse, Corse-du-Sud. Type locality : Corsica, Albertacce (between Popaja Forest House and Nino Lake, 1380 m). Etymology : Derives from Latin bucolicus = belonging to shepherds, pastoral. Affinities : P. bucolica is closely related to the Sicilian endemic P. helenae Nicolai, 1985 , that has a much longer expansion at the apex of the male epiproct. It is also related to P. corsicana, from which the male differs by the shorter process arising from the epiproct apex, the clearly different shape of the paraprocts and the 9 th tergite hind margin less hollowed ; the female differs by the shape of the subgenital plate posterior margin ( praecox group Group characterized by the long, ventral sclerite of the epiproct. This sclerite is covered with a regular row of spines on the inferior face. (Morton, 1894) ( -Illies, 1955 : 40 fig. 25; Aubert, 1959 : 41 fig. 71, 78; 93; Illies, 1966 : 239; Kis, 1974 risi group Group characterized by the dorsal sclerite of the epiproct that is forked anteriorly in lateral view. The stem of the paraproct's median lobe has 2 or 3 apical spines. The sclerite of the paraproct's outer lobe has no apical spines. The cervical gills are very short, without any apical constriction.
Protonemura bucolica
(Fig. 3 k- o) Nemoura (Protonemura) bucolica
Protonemura praecox praecox
Protonemura praecox
Protonemura risi (Jacobson & Bianchi, 1905 ) (new status) (Fig. 4 e-h) Nemoura (Protonemura) fumosa Ris, 1902 : 387 fig. 5-6 (nec Stephens, 1835 . Jacobson & Bianchi, 1905: 562. Protonemura fumosa -Illies, 1955: 43 fig. 30 ; Aubert, 1959 : 41 fig. 70, 82, 89 .
Nemoura risi
Protonemura risi -Illies, 1966 : 241; Kis, 1974:169-170 fig. 98 .
In this work P. spinulosa is no more considered as a subspecies of P. risi. Etymology : Named after the Swiss plecopterologist F. Ris. Affinities : Close relative of P. spinulosa (see following description). Ecology : Crenophilic species inhabiting brooklets and springs in the foothills and montane zone (250-1500 m), with a preference for calcareous substratum in the pre-alpine massifs. It has a long emergence period (V-X). Distribution : Central European species found in the Carpathians, Alps, Jura, Vosges, Brittany and Massif Central. It is replaced in the Pyrenees by its sister species P. spinulosa. (Navás, 1921) Protonemura fumosa occidentalis Despax 1929, 83 fig. 1-3; Despax, 1951: 65 fig. 26; Aubert, 1952: 250 fig. 7 ; Illies, 1966: 240. The study of numerous specimens coming from the southern part of the French Massif Central (Aigoual and Montagne Noire) shows that the specimens assigned to P. risi spinulosa in this region (Aubert 1963 , Berthélemy 1965 ) belong to P. risi. Since the two species are clearly different in both sexes, P. spinulosa is restored to the specific level and a new description of the male and female genitalia is given. Material : Pyrenees : Pyrénées-Orientales, Ariège, Haute-Garonne, Haute-Pyrénéees, Pyrénées-Atlantiques. Type locality : Spanish Pyrenees. Etymology : From Latin spinosus = thorny, spiny, with spines. Genitalia description : Paraproct's median lobe small, rounded, about as wide as long. It is prolonged backwards and outwards by a short thin expansion with 2 or 3 apical spines (Figs 4 ij). The sclerite of the outer lobe is very short, with a basal branch turning around the cercus and a thin lateral branch starting from the middle of the sclerite (Fig. 4  j) . Epiproct with a median widening followed by a deep depression just before the rounded apex. A tiny sclerite sometimes projects upward from the epiproct's apex (Fig. 4 k) . Ventral sclerite of the epiproct with a median bulge covered with several short spines. Female: Subgenital plate with a median depression and a rounded posterior edge. The lobes are triangular, well developed on each side of the plate (Fig. 4 l) . Affinities : Closely related to P. risi from which it differs by the following features : in the male, the base of the paraproct's median lobe is almost globular in P. spinulosa (Fig. 4 j) , and much longer than wide in P. risi (Fig.  4 f) . The outer lobe sclerite is thin, with a sclerotized lateral branch (Fig. 4 j) ; in P. risi it is stronger, without any lateral branch (Fig. 4 f) . The epiproct of P. spinulosa has a median widening (Fig. 4 k) not so pronounced in P. risi (Fig. 4 g ). The epiproct's apex is also slightly more rounded in P. spinulosa (Fig. 4 k) . The female subgenital plate of P. spinulosa is convex, not covering the lateral lobes which are well developed on each side of the plate (Fig. 4 l) ; in P. risi the subgenital plate is much wider and concave, covering about the totality of the hardly visible lateral lobes (Fig. 4 h) . Ecology : This strongly crenophilic, stenothermous cold-water species occurs mainly in springs and brooklets between 300 and 2200 m. It has a very long emergence period (III-X). Distribution : North Iberian Peninsula : Pyrenees, Cantabrian Cordillera and Sierra de la Demanda (Vinçon & Pardo 2004) . intricata group Group characterized by the globular tip of the outer lobes of the paraprocts. The median lobes mainly end in a rather long, blade-shaped expansion (style). The epiproct is erect at the tip and has a deep depression just before the tip. (Ris, 1902) Rauser, 1962 , are so closely related that it is difficult to characterize them. We prefer to gather them in a single group, mainly characterized by the shape of the epiproct. It is elongated, often widening near the apex. The spines of the ventral sclerite are gathered, forming a pre-apical bulge.
Protonemura spinulosa
Protonemura intricata intricata
Protonemura nitida (Pictet, 1835) (Fig. 5 e-h) Nemoura nitida Pictet, 1835 : fig. 3, nec nitida Stephens, 1835 Nemoura (Protonemura) nitida -Ris, 1902 : 335 fig. 1-2 ; Despax, 1951 : 61 fig. 23 . -Illies, 1955: 45 fig. 33 ; Aubert, 1959: 43 fig. 76, 85, 94 (nec 75, 95) ; Kis, 1974: 179-180: fig. 105 .
Protonemura nitida
Material : Alps :
Haute-Savoie, Savoie, Isère, Drôme, Hautes-Alpes, Alpes-de-Haute-Provence, Alpes-Maritimes. Jura : Ain, Doubs. Massif Central : Puy-de-Dôme. Type locality : Hertford, England, Great Britain. Etymology : From Latin nitidus = neat, bright. Affinities : Related to both P. brevistyla and P. zhiltzovae sp. n. from which it mainly differs by the paraprocts outer lobe and the epiproct. Ecology : Eurytopic species inhabiting various kinds of watercourses between 200 and 2300 m. Its higher record in the French Alps is in the Vanoise Massif, Savoie, Bonneval-sur-Arc, below Iseran pass at 2300 m, 2 , 6-X-90. It emerges in autumn (IX-XII). Distribution : Central European species reported from the Carpathians, Alps, German Black Forest, Vosges, Jura and French Massif Central.
Protonemura zhiltzovae sp. n. (Fig. 5 i-l) m, 1 , 11-IX-86. Etymology : Named after Professor Lidija Zhiltzova for her great contribution to the knowledge of Asiatic and European stoneflies. Description : A very small Protonemura species : body length, male 3.1-4.9 mm, female 5.5-6.3 mm. Male brachypterous : forewing length 1.8-2.6 mm; female fully winged : forewing length 5.5-7.0 mm. Head and body brown, legs light brown. Cervical gills of medium size (slightly longer than the diameter of an eye), with a slightly visible pre-apical constriction. Male genitalia (Fig. 5 i-k) : Tergite VIII with few scattered spines medially on the posterior margin. Tergite IX with two hardly prominent groups of spines separated by a narrow notch. Sternite IX normal: subgenital plate with a tapering extension distally and a racket-shaped well developed vesicle. Tergite X with a median membranous area around epiproct tip. Epiproct slender in dorsal view, with nearly parallel sides and triangular apex; it terminates in a short expansion projecting upwards (Fig. 5 k) . Lateral sclerites thin, thread like, gently curved upwards near the epiproct tip (Fig. 5 k) . Ventral sclerite supporting a rounded projection with many short spines. Paraprocts: Inner lobe hidden by the subgenital plate. Median lobe rounded, extending distally into a short sclerotized expansion, about rectilinear and ending into a strong spine (Fig. 5 i) . Outer lobe sclerite strong, ending in a rounded plate that carries one or exceptionally two spines (Fig. 5 j) . Cerci well developed, about as long as the paraprocts. Female : Sternite VIII subgenital plate with a median depression and a rectilinear posterior margin. Vaginal lobes extending on each side of the subgenital plate (Fig. 5 l) . Affinities : P. zhiltzovae sp. n. belongs to the (16) nitida group. It is related to P. brevistyla from which it differs by the epiproct that has a small expansion on the upper side ( Fig. 5 k) ; by the paraprocts outer lobe that has only one apical spine in P. zhiltzovae (Fig. 5 j) and more than five spines in P. brevistyla (Fig. 5 n) . The female subgenital plate is also very different, with a rectilinear posterior margin in P. zhiltzovae (Fig. 5 l) and a triangular one in P. brevistyla (Fig. 5 p) . P. zhiltzovae is also related to the Iberian species P. navacerrada Aubert, 1954 ; indeed the epiprocts are rather similar in side view, with a small expansion on the apex upper side (Fig. 5 k and Aubert 1954 Fig. 16, 17 ). This expansion is reminiscent of the terminal filament that is characteristic of the corsicana group, but clearly both species share more affinities with the nitida group. Ecology : It is a strongly crenophylous, stenothermous cold-water species, restricted to very high altitude springs (1900-2250 m a.s.l.). The adults hide under the stones and in the dense aquatic vegetation that develops along the first reach of the springs. Emergence is in summer and autumn (VII-X). Distribution : Endemic to the eastern half of the Pyrenees (Fig. 12) . It extends from the Cerdagne (Pyrénées-Orientales) up to the Pique Valley (Haute-Garonne), and on the southern slope it occurs in the high Sègre Valley, from the Cerdagne (Girona) up to the Aneto Massif (Huesca). (Ris, 1902) (Fig. 5 m-p) (Fig. 11, arrow 2) Nemoura (Protonemura) brevistyla Ris, 1902 : 386 fig. 3- 
Protonemura brevistyla
4.
Nemoura (Protonemura) brevistyla -Despax, 1951 : 62 fig. 24 . Protonemura brevistyla -Illies, 1955 : 45 fig. 32 ; Aubert, 1959 : 44 fig. 75, 83, 95 (nec 76, 94); Illies, 1966 : 225; Kis, 1974 : 178 fig. 104 . Material : Alps : Savoie, Isère, Hautes-Alpes, Alpes-deHaute-Provence, Alpes-Maritimes. Jura : Doubs. Type locality : Silvaplana, Switzerland. Etymology : The name refers to the very short sclerotized stem of the paraproct's median lobe. Affinities : P. brevistyla is closely related to the Pyrenean species P. zhiltzovae sp. n. (see following description). It is also related to P. nitida from which it clearly differs by the shape of the paraprocts outer lobe (Fig. 5 f, j) and epiproct (Fig. 5 g,  k) . Ecology : In the occidental Alps, P. brevistyla is one of the most strongly orophilic species . Indeed, it occurs in high altitude brooks and torrents (1250-2600 m) but more frequently in the sub-alpine and alpine zones, above 1600 m. The highest record is in the Queyras massif (Hautes-Alpes, Echalp, Guil tributary above Egourgeou lake, 2600 m, 9 , 13 , 4-IX-88). The adults emerge in summer and autumn (VII-X). Distribution : Alpino-Carpathian species, Jura. The mention of P. brevistyla in the Pyrenees (Zwick & Vinçon 1993 ) corresponds to P. zhiltzovae sp. n. (Aubert, 1954) (Fig. 6 a-d ) (Fig. 13) Nemoura (Protonemura) caprai Aubert, 1954 : 108-109 fig. 1-6 .
Protonemura caprai
Protonemura caprai -Illies, 1966 : 227. Material : Alps : Alpes-Maritimes. Type locality : Italy, Ligurian Alps, Magliolo, Maremola stream, 250 m. Etymology : Named after the Italian entomologist Felice Capra. Affinities : closely related to P. lateralis from which it differs in the following features : the sclerotized expansion of the paraproct's median lobe is much thinner in P. caprai (Fig. 6 a-b, 6 e-f), and the apex of the outer lobe is rounded with a regular row of short spines (Fig. 6 b) while in P. lateralis the spines are shorter on the outer edge and much longer on the inner edge (Fig. 6 f) . The females of both species are so close that they cannot be separated with certainty. P. caprai is also strongly related to P. costai Aubert, 1953 with which it has often been confused (Consiglio 1955 , see Consiglio 1979 , Nicolai & Fochetti 1983 and Fochetti & Nicolai 1988 . Ecology : Rheophilic species living in various kinds of brooks and torrents in the montane zone (250-1600 m). The adults have a very long flight period (IV-XI), but are more frequent in spring (V-VI). Distribution : Its distribution covers the northern and central Apennines and the Western Alps (Fig. 13) . In the Apennines, it extends up to the Abruzzes and Lazio (Consiglio 1958 sub nom. P. costai, Consiglio 1979 . In the Alps, its northeastern limit is the Val Diveria on the eastern edge of the Pennines Alps and its western limit is in the French Maritime Alps (Var Valley). (Pictet, 1835) (Fig. 6 e-h) Nemoura lateralis Pictet, 1835 : 180 fig. 4 . -Ris, 1902 : 388 fig. 7-8 ; Despax, 1951, 59 fig. 22 . -Illies, 1955: 42 fig. 28 ; Aubert, 1959 : 43 fig. 73, 79, 96; Kis, 1974 : 184-185 fig. 100 .
Protonemura lateralis
Nemoura (Protonemura) lateralis
Protonemura lateralis
Material : Alps :
Haute-Savoie, Savoie, Isère, Drôme, Hautes-Alpes, Alpes-de-Haute-Provence, Alpes-Maritimes. Jura : Doubs. Type locality : Genève, Switzerland (Illies, 1966) . Etymology : The specimen studied by Pictet showed a «lateral» yellowish margin around the pronotum, a feature of other Protonemura species. Af-A REVIEW OF THE FRENCH PROTONEMURA (17)finities : P. lateralis is related to P. caprai (see previous description of P. caprai). Ecology : Rheophilic, orophilic species very common and abundant in the montane and sub-alpine zones 800-2500 m. Its highest locality in the French Alps is in the Oisans Massif (Hautes-Alpes, Dormillouse, Rully River at 2500 m, 5 , 9 , 16-VII-92); in Italy it reaches 2750 m (Ravizza & Ravizza Dematteis 1994). In France, it also occurs in cold low altitude springs : Isère, Sassenage, Germe River, below the cave «Cuve de Sassenage», 200 m, 2 , 4 , 12-V-91. Adults emergence long (IV-XI). Distribution : Central European species, from the Carpathians and the whole Alpine Chain. It also extends northwards into Germany (Reusch & Weinzierl 1999) , and into the Jura and Vosges Massifs. (Pictet, 1841) (Fig. 6 i- Meyer who collected the first specimens of this species. Affinities : It is related to P. pyrenaica from which it can be easily separated by the shape of the male and female genitalia (compare Fig. 6 i-l & Fig. 8 a-d) . Ecology : In France, it occurs in the foothill and lowland watercourses (250-900 m), up to 1100 m in the Pyrenees (Berthélemy 1966) . In the Iberian Peninsula, it is much more orophilic and reaches higher altitudes up to 2700 m in the Sierra Nevada. It emerges in spring (II-V). Distribution : European species. In France, it occurs in the foothills of the main mountainous massifs (Alps, Jura, Vosges, Bretagne, Massif Central and Pyrenees). (Despax, 1929) (Fig. 7 a-d ) (Fig. 11, arrow 4) Nemoura beatensis Despax, 1929 : 90 fig. 11-14 .
Protonemura meyeri
Protonemura beatensis
Protonemura beatensis -Berthélemy, 1960 -Berthélemy, : 52 fig. 8-15, 1963 fig. 1 , 5, 10, 13, 16, 21, 22; Illies, 1966 : 224. Type locality : Saint-Beat region, Haute-Garonne, Central Pyrenees, France. Etymology : It is named after the village of Saint-Beat (Haute-Garonne), as the first specimen was collected in the surroundings of this village. Affinities : For many years it was confused with its sister species P. vandeli that often occurs at the same sites. The male can be distinguished by the shape of the paraproct's median lobe (Fig. 7 a, e) and by the shape of the epiproct (Fig. 7 b, f) . The posterior edge of the female subgenital plate has two lateral rounded expansions covering the lobes (Fig. 7 d) , while it is about rectilinear in P. vandeli (Fig. 7 h) . P. beatensis is also a close relative of the Italian species P. robusta Berthéle-my, 1963 , inhabiting the northern Apennines. Ecology : Species occurring in various mountain brooks and rivers (340-2200 m). The adults emerge in autumn (IX-XII). Distribution : It covers the Cantabrian Cordillera, Pyrenees, Massif Central and Brittany. Berthélemy, 1963 (Fig. 7 e-h) Protonemura vandeli Berthélemy, 1963: 281 fig. 2, 7, 11, 15, 18-20, 23-26. Material : Pyrenees : Pyrénées-Orientales, Haute-Garonne, Pyrénées-Atlantiques. Type locality : Espiaube stream, 1400 m a.s.l., Hautes-Pyrénées, France. Etymology : Named after A. Vandel, previous Directory of the Hydrobiology Laboratory of Toulouse. Affinities : Closely related to P. beatensis, with which it was confused by Despax (1951) . The comparison of both species has been given previously. Ecology : Orophilic, stenothermous cold-water species, occurring in high altitude brooks and torrents (800-2100 m), up to 2400 m in the Spanish Pyrenees (Maladeta Massif, above «Trou du Toro», Esera 2400 m, 3 , 14-X-89). It emerges in autumn (VIII-XI). Distribution : Pyrenean endemic. Berthélemy, 1963 (Fig. 7 i-l) (Fig. 12) Nemoura (Protonemura) nimborella Despax, 1951 (nec Mosely, 1930 : 68 fig. 27 d, e. Berthélemy, 1963: 284 fig. 3, 8, 
Protonemura vandeli
Protonemura angelieri
12.
Protonemura angelieri -Illies, 1966: 223 Material : Pyrenees : Pyrénées-Atlantiques, Hautes-Pyrénées, Haute-Garonne, Ariège. Type locality : SaintBéat, 600 m a.s.l., Haute-Garonne, France. Etymology : Named after the French entomologist E. Angelier. Affinities : It is related to other autumnal species also occurring in the Pyrenees : P. beatensis, P. vandeli and P. montana, but the distinction from them is rather easy in both sexes. In fact, it is much closer to the alpine species P. algovia from which it differs by the shape of the paraproct's outer lobes (Fig. 7 j, 9 j) and by the epi-proct that is about rectilinear in P. angelieri and curved in P. algovia (Fig. 7 k, 9 k) . Ecology : This species inhabits montane brooks and torrents of moderate altitude (600-1850 m). The adults emerge in summer and autumn (VII-XI). Distribution : Micro-endemic species found in the central part of the Pyrenees (Fig. 12) . It extends from the Ossau Valley (Pau tributary) up to the Orle Valley (Garonne tributary). Mosely, 1930 (Fig. 8 a-d) Protonemura pyrenaica Mosely, 1930: 250 fig. 29-31 . -Despax, 1951: 65 fig. 26; Aubert, 1952: 250 fig. 7 . Protonemura pyrenaica -Illies, 1966: 240; Vinçon & Pardo, 2004 (in this work P. asturica and P. pyrenaica are considered as two different species).
Protonemura pyrenaica
Nemoura (Protonemura) pyrenaica
Material : Pyrenees : Pyrénées-Orientales, Ariège, Haute-Garonne, Hautes-Pyrénées, Pyrénées-Atlantiques. Type locality : French Pyrenees. Etymology : From Latin pirenaicus, inhabitant of the Pyrenees. Affinities : It is closely related to P. asturica that inhabits the northern Iberian Peninsula. Both species were separated in Vinçon & Pardo (2004) . Ecology : Eurytopic species occurring in various kinds of torrents and brooks between 300 and 2200 m. Its highest locality is the Canigou Massif: Pyrénées-Orientales, Cady tributary, 2200 m, 2 , 8-VII-87. It has a long emergence period extending all over the year, except in winter (III-XII). Distribution : Pyrenees and eastern extremity of the Cantabrian Cordillera (Vinçon & Pardo 2004) . Aubert, 1963a (Fig. 8 eh) A REVIEW OF THE FRENCH PROTONEMURA (19) 117 Table 1 . Distribution of the species recorded in France. Abbreviations: Alp = Alps; Jur = Jura; Vos = Vosges; Bre = Bretagne; C-M = Central Massif; Pyr = Pyrenees; Cor = Corsica. * = endemic species. Aubert, 1963a: 223-125 fig. 1 -8.
Protonemura vercingetorix
Material : Massif Central : Gard, Haute-Loire, Cantal, Puy-de-Dôme. Type locality : Chambon, 1000 m a.s.l., Puy-de-Dôme, France. Etymology : Named after the famous antique Gallic leader Vercingetorix. Affinities : Related to P. nimborum from which the male differs by the outer lobe of the paraprocts that is less enlarged apically (compare Fig. 8 f and 8 j) , and by the epiproct that is thinner in side view (compare Fig. 8 g and 8 k) . The female differs by the subgenital plate hind margin regularly rounded in P. nimborum (Fig. 8 l) and slightly bilobed in P. vercingetorix (Fig.  8 h) . Ecology : Orophilic and rheophilic species occurring in brooks of the montane zone (800-1200 m). Adults emerge in spring and summer (IV-VIII). Distribution : Endemic to the French Massif Central. (Ris, 1902) (Fig. 8 i-l) Nemoura (Protonemura) nimborum Ris, 1902 : 389 fig. 9 -10. -Despax, 1952 : 66 fig. 27 . -Illies, 1955: 47 fig. 34 ; Aubert, 1959 : 43 fig.72, 86, 90, 99; Illies, 1966 : 237; Kis, 1974 : 185-186 fig. 111 .
Protonemura nimborum
Nemoura (Protonemura) nimborum
Protonemura nimborum
Material : Alps :
Haute-Savoie, Savoie, Isère, Drôme, Hautes-Alpes, Alpes-de-Haute-Provence, Alpes-Maritimes. Jura : Doubs. Type locality: Saint Gottard, Lepontine Alps, Switzerland. Etymology : From Latin nimbus = nimbus, storm clouds. Affinities : It is related to P. vercingetorix, P. nimborella and P. montana. Ecology : Rheophilic, Orophilic, and stenothermous cold-water species occurring in the torrents and brooks of the montane and sub-alpine zones (800-2300 m). Its higher locality in the French Alps is in the Queyras Massif, Hautes-Alpes, Valpreveyre, 2300 m, 2 , 10 , 3-VI-91. It emerges in spring (III-VI). Distribution : Central European species extending from the Carpathians, throughout the Alpine Chain and northwards into Germany (Reusch & Weinzierl 1999) . It also occurs in the Vosges and Jura. Mosely, 1930 (Fig. 9 a-d) Protonemura nimborella Mosely, 1930 : 250 fig. 32-33. Nemoura (Protonemura) nimborella -Aubert, 1959 : 43 fig. 74, 84, 97. Protonemura nimborella -Illies, 1955 Aubert, 1959 : 43 fig. 73, 79, 97; Kis, 1974 : 187-188 fig. 112 . Material : Alps : Savoie, Isère, Hautes-Alpes, Alpes-deHaute-Provence, Alpes-Maritimes. Type locality : Genè-ve, Switzerland (Illies, 1966) . Etymology : Name of uncertain derivation; it might be a diminutive derived from nimborum, because of the average smaller size of P. nimborella. Affinities : Related to P. nimborum and P. montana, from which it differs by the appendices of the paraprocts median lobe with several spines all along its length (Fig. 9 b) and by the shape of the epiproct. It is also related with the Pyrenean species, P. beatensis, P. angelieri and P. vandeli from which it differs by the shape of the outer and median lobes of the paraprocts and by the shape of the epiproct. Ecology : This strongly orophilic, stenothermous cold-water species, mainly occurs in high altitude brooks and torrents of the sub-alpine and alpine zones (1600-2600). The highest locality in the French Alps is Hautes-Alpes, Echalp, Guil tributary above Egourgeou lake, 2600 m, 9 , 2 , 4-IX-88. In the Italian Alps it reaches 2750 m . Adults emerge in autumn (IX-XI). Distribution: Strictly endemic to the Alps. (20) Alpes (Vinçon 1996) . Italy : Cottian Alps: Agnel Pass, Casteldelfino, Varaita trib., 2200 m, 1 , 26-IX-88; above Sta Anna, Varaita di Bellino, 1900 m, 1 , 27-IX-88. Type locality : Oyal, 1100 m a.s.l., Traufbach valley, Algovian Alps, Germany. Etymology : From Algovia (Allgäu), a southern German region that comprises a small portion of the northern slopes of the eastern Alps. Affinities : Closely related to the Pyrenean species P. angelieri, P. vandeli and P. beatensis from which it mainly differs by the thinner expansion of the paraproct's median lobe and by the shape of the paraproct's outer lobe (compare Fig. 9 j and Fig. 7 b, 7 f, 7 j). The females are clearly different. It is also closely related to P. montana from which it clearly differs by the shape of the paraproct's outer lobe (compare Fig. 9 j and Fig. 9 f) . It resembles also the sympatric alpine species P. nimborella, from which the males are easy to separate, but the females could be confounded and should be confirmed by the capture of males. Ecology : Rheophilic and orophilic species occurring in high altitude mountain brooks and torrents (1100-2200 m). Adults emerge in autumn (IX-XI). Distribution : It has a rather wide distribution area throughout the Alpine Chain, from France to Austria, but it is always very scarce and therefore its distribution seams to be discontinuous (Fig. 13) . In the French Alps it is mainly localized near the Italian border. It is also recorded from Switzerland: Valais and Tessin (Zwick 1971 , Aubert & al. 1996 , Italy: Cottian Alps and Lombardy (Ravizza & Ravizza Dematteis 1981) , Germany: Bavaria, Algaw (Mendl 1968a) and Austria (Mendl 1968b , Theischinger 1976 ).
Protonemura nimborella
Key to males 1
Ventral sclerite of epiproct covered with spines all along its length. Sclerotized stem of paraprocts reduced to a short minute thin spine.
1'
Ventral sclerite of epiproct only partially covered with spines. Sclerotized stem of paraprocts stronger and of different length.
(1')
Ventral sclerite of epiproct provided with a strong protuberance in its distal third (tuberculata group).
2'
Ventral sclerite of epiproct without strong protuberance or at the most with a feeble protrusion.
(2)
Ventral protuberance divided into two parts when seen by the apex of the epiproct (Figs 2 k-p).
3'
Ventral protuberance undivided.
(3')
Sclerotized stem of the paraproct's median lobe thin and blade shaped. Epiproct elongate with its protuberance of moderate size (Figs 2 a-e) .
4'
Sclerotized stem of the paraproct's median lobe much larger, regularly shortening towards the apex and ending into a small hook. Epiproct massive with a very strong protuberance (Figs 2 f-j).
(2')
Epiproct with a distinct slender process arising from the centre of its tip (corsicana group).
5'
Epiproct without any process arising from the tip.
(5)
Terminal process of the epiproct like a comma-shaped filament. Sclerotized stem of the paraproct's median lobe straight (Figs 3 a-e).
6'
Terminal process of the epiproct straight. 7 (6') Terminal process of the epiproct long.
Sclerotized stem of the paraproct's median lobe gently curved outwards (Figs 3 f-j).
7'
Terminal process of the epiproct short. Sclerotized stem of the paraproct's median of different shape lobe lacking (Figs 3 k-o).
(5')
Median lobe with a short stem, about as long as its base.
8'
Median lobe with a long and slender stem, much longer than its base.
(8)
Dorsal sclerite of the epiproct forked anteriorly in side view. Sclerite of the paraproct's outer lobe without any apical spines (risi group).
9'
Dorsal sclerite of the epiproct not forked in side view. Sclerite of the paraproct's outer lobe with one or several apical spines.
(9)
Base of the paraproct's median lobe about globular. Paraproct's outer lobe with a thin sclerotized lateral branch (Fig. 4 i-l) .
10'
Base of the paraproct's median lobe longer than large. Paraproct's outer lobe without any lateral branch (Fig. 4 e-h). 
(9')
11'
Epiproct not widening progressively towards the apex. Tip of the epiproct strongly curved upward (Fig. 5 g) . One strong spine at the tip of the paraproct's outer lobe sclerite (Figs 5 e-h).
(11)
Sclerite of the paraproct's outer lobe with 1 (exceptionally 2) apical spines. A tiny expansion raises upward at the tip of the epiproct (Figs. 5 i-l) .
12'
Sclerite of the paraproct's outer lobe with 5 to 6 apical spines. No expansion at the tip of the epiproct (Figs. 5 m-p).
(8')
Epiproct with a small preapical expansion, in side view (Fig. 5 c) . Tip of the outer lobe rounded with 3 or 4 spines (Figs 5 a-d).
13'
Epiproct without any preapical expansion.
14 (13') Stem of the median lobe with few scattered spines along its length
14'
Stem of the median lobe with only one apical spine
(14)
Outer lobe sclerite covered with numerous spines near the tip (Fig. 9 a-d) .
15'
Outer lobe sclerite without spines at the tip (Fig. 8 a-d) .
(14')
Outer lobe sclerite with a preapical elbow (Figs 8 j, 9 f).
16'
Outer lobe sclerite without any preapical elbow.
(16)
Tip of the outer lobe with a deep hollow (Fig. 8 j) .
17'
Tip of the outer lobe without any hollow (Fig. 9 f) .
(16')
Outer lobe sclerite with a regular series of long spines along its terminal half ( Fig. 9 i-l) .
18'
Outer lobe sclerite without a regular series of long spines along its terminal half 19 (18') Tip of the outer lobe sclerite enlarged and covered with a row of spines (Figs 6 b, 6 f, 8 f).
19'
Tip of the outer lobe sclerite not covered with a row of spines 20 (19) Stem of the median lobe narrowing progressively from the base toward the tip (Fig. 6 e-h ).
20'
Stem of the median lobe slender, not narrowing progressively from the base toward the tip 21 (20') Tip of the epiproct strongly bent upward. Stem of the median lobe straight (Figs 6 a-d) .
21'
Tip of the epiproct slightly bent upward. Stem of the median lobe curved outwards before the tip (Figs 8 e-h ).
(19')
Outer lobe strong and widening towards its tip; its membranous field well developed and bilobed (Figs 6 i-l).
22'
Outer lobe slender and not widening towards its tip; its membranous field poorly developed and not bilobed (Figs 7 b, f, j).
(22') Tip of the epiproct strongly bent upward (Figs 7 a-d).
23'
Tip of the epiproct not bent upwards.
(23')
Epiproct bent downwards before the tip. Stem of the median lobe curved inwards at the tip (Figs 7 e-h).
24'
Epiproct about rectilinear. Stem of the median lobe gently curved outwards from the base towards the tip (Figs 7 il).
Key to females
The characters that could be used to identify the females are poor and often difficult to study because they are rather variable and sometimes they depend of the state of preservation of the specimens. For example, the gills could be contracted or the subgenital plate could be deformed during mating. Therefore, it is often very difficult to separate closely related species (P. lateralis and P. caprai, for example) and we recommend confirming the presence of a species in a region by the capture of males.
1
Cervical gills long, much longer than the diameter of an eye. One or two preapical constrictions (Fig. 10 a) .
1'
Cervical gills of medium size or short, about as long as the diameter of an eye or shorter. Pre-apical constriction wanting or just a little perceptible (Fig. 10  b) .
(1)
Two lateral expansions on the subgenital plate posterior edge (Figs 7 d, 7 l).
2'
No lateral expansions on the subgenital plate posterior edge. Subgenital plate large (2/3 of the segment's width). Lateral expansions large and poorly extending backwards. Vaginal lobes mostly hidden by the subgenital plate. Pregenital plate well developed on sternite 7 (Fig. 7 d) .
3'
Subgenital plate narrow (half the segment's width). Lateral expansions narrow and strongly extending backwards.
Vaginal lobes well visible on each side of the subgenital plate. Pregenital plate hardly visible on sternite 7 (Fig. 7 l) .
(2')
Posterior edge of the subgenital plate sinuous, often forming three lobes. A deep depression in the middle of the subgenital plate. Vaginal lobes extending beyond the posterior edge of the plate (Fig. 5 h) .
4'
Posterior edge of the subgenital plate not forming three lobes.
(4')
Subgenital plate slightly bilobed on its posterior edge. Vaginal lobes hardly visible on each side of the plate (Fig. 8 h) . Endemic to the Massif Central.
5'
Subgenital plate of different shape.
(5')
Posterior edge of the subgenital plate slightly concave or about rectilinear (Figs 9 h, 9 l).
6'
Posterior edge of the subgenital plate convex and more or less rounded.
(6') Vaginal lobes well visible (Figs 4 d, 6 l).
7'
Vaginal lobes hardly visible (Figs 7 h, 8 l) .
(7)
Vaginal lobes extending from the posterior corners of the plate. Paraprocts rounded posteriorly (Fig. 4 d) .
8'
Vaginal lobes extending behind the posterior edge of the plate. Paraprocts pointed posteriorly (Fig. 6 l) .
(7')
Posterior edge of the subgenital plate hardly convex (Fig. 7 h) .
9'
Posterior edge of the subgenital plate clearly convex (Fig. 8 l) .
(1')
Posterior edge of the subgenital plate forming three lobes. Vaginal lobes hardly visible on each posterior corner of the subgenital plate (Fig. 8 d) .
10'
(10')
Posterior edge of the subgenital plate sub-triangular, tongue-shaped. Vaginal lobes well developed on each posterior corner of the plate (Figs 2 e, 2 j, 5 p).
11'
Posterior edge of the subgenital plate not tongue-shaped.
(11)
Pregenital plate well pigmented on sternite 7.
12'
Pregenital plate wanting on sternite 7 (Fig. 2 j) .
(12)
Cervical gills of medium size with slightly visible apical constrictions (Fig. 5 p) .
13'
Cervical gills very short without apical constrictions (Fig. 2 e) .
14 (11') Posterior edge of the subgenital plate convex (Figs 2 p, 4 l, 6 d, 6 h).
14'
Posterior edge of the subgenital plate sub-rectilinear or bilobed.
(14)
Vaginal lobes well developed on each posterior corner of the plate (Figs 2 p, 4 l).
15'
Vaginal lobes hardly visible on each posterior corner of the plate (Figs 6 d, 6 h).
(15)
Subgenital plate lips-shaped. Pregenital plate well marked on sternite 7 (Fig. 2  p) .
16'
Subgenital plate sub-trapezoidal. Pregenital plate wanting on sternite 7 (Fig.  4 l) . 
(14')
17'
Posterior edge of the subgenital plate bilobed.
(17)
Well developed and strongly sclerotized pregenital plate on sternite 7 (Fig. 5  d) .
18'
Pregenital plate hardly visible on sternite 7. Cervical gills of medium size with slightly visible apical constrictions.
(18')
Vaginal lobes almost completely hidden under the subgenital plate (Fig. 9 d) .
19'
Vaginal lobes clearly visible on each side of the subgenital plate (Fig. 5 l) .
(17')
The two lobes of the subgenital plate separated by a narrow space (Figs 3 e, 3 j). 
20'
The two lobes of the subgenital plate separated by a wide space (Figs 3 o, 4 h).
(20)
Pregenital plate well marked on sternite 7 (Fig. 3 j) .
21'
Pregenital plate hardly visible on sternite 7 (Fig. 3 e) .
(20')
Subgenital plate sub-triangular shaped, with a less pigmented median area. Paraprocts rounded posteriorly (Fig. 4 h) .
22'
Subgenital plate lips-shaped. Paraprocts slightly pointed posteriorly (Fig.  3 o) .
Types of distribution
Among the 25 Protonemura species occurring in France, we can distinguish the following groups (cf Aubert 1963c Aubert , 1963d ).
-Holoeuropean species (2 species) : P. meyeri and P. praecox praecox. Both are widespread in France, but the latter, being more orophilic, has not been reported from Brittany.
-Central North European species (1 species) : P. montana. This orophilic species does not occur in the Alps; westwards, it extends into the Vosges, Massif Central and eastern part of the Pyrenees that constitutes its southern limit (Fig. 11, arrow 1) . Its distribution is similar to that of Leuctra digitata.
-Central South European species (1 species) : P. intricata. Widespread in France.
-Central European species (5 species) : They are mainly Alpino-Carpathian species. According to their extension into France, we can distinguish four subgroups : -P. brevistyla : French Alps and Jura (Fig. 11 , arrow 2); -P. lateralis and P. nimborum : French Alps, Jura and Vosges (Fig. 11, arrow 3) ; -P. nitida : French Alps, Jura, Vosges and Massif Central; -P. risi : French Alps, Jura, Vosges, Massif Central and Brittany.
-West European species (2 species) : They are also called «Espèces Pyrénéennes extensives» (Aubert 1963c) . They occur in the whole Pyrenean chain and extend into northern Spain or western France : -P. spinulosa occurs in the Pyrenean chain and northern Spain (Cantabrian Cordillera, Demanda, Cameros). Its distribution is similar to that of Nemoura moselyi, N. pseudoerratica and Leuctra lamellosa lamellosa (Vinçon & Pardo 2004); -P. beatensis extends from northern Spain up to the Massif Central and Brittany (Fig.  11, arrow 4) . Three other Pyrenean species have a similar distribution : Leuctra despaxi, L. castillana and Isoperla acicularis, but they are limited northwards to the Massif Central.
-Italian elements occurring in the French Maritime Alps (2 species) : P. caprai and P. ausonia padana (Fig. 13) .
-Endemic species (12 species) : -French Alps : P. nimborella and P. algovia; -Massif Central : P. vercingetorix; -Pyrenees : P. angelieri, P. canigolensis, P. culmenis, P. pyrenaica, P. tuberculata, P. vandeli and P. zhiltzovae; -Corsica : P. bucolica and P. corsicana. Their distribution is commented in the following paragraphs.
Distribution by regions
The Protonemura distribution in the main French mountainous regions is presented in Table 1 . The studies synthesized in this table are the following : French Alps : Aubert 1986 , Gay 1982a , 1982b , Vinçon 1996 Berthélemy 1960 , 1963 , Vinçon 1987 , Zwick & Vinçon 1993 , Vinçon & Pardo 2004 , all France : Despax 1951. The distribution data of these studies are complemented with our own collections data.
In mainland France, diversity decreases from South to North: Pyrenees (13 species), Alps (12), Jura (8), Massif Central (8), Vosges (8) and Brittany (4).
During the Pleistocene Ice Age when northern and Central Europe were covered by ice, species occurring in the Alps or Pyrenees survived on the southern slopes of these massifs at lower latitudes and with the influence of the Mediterranean Sea. Afterwards, with the retreat of the glaciers, species mainly living in the foothills or eurytopic elements could extend northwards to the rest of Europe : P. intricata, P. meyeri, P. nitida, P. praecox and P. risi.
The more orophilic Alpino-Carpathian species have also partly succeeded in extending northwards, but their distribution remains more restricted : -P. brevistyla up to the Jura, -P. lateralis and P. nimborum up to the Jura and Vosges. The north Iberian species P. beatensis has also extended northwards from the Pyrenees into the Massif Central and Brittany. Nevertheless, some of the mostly orophilic Alpine or Pyrenean species remain strictly endemic (see following paragraphs).
Pyrenees
Among the Protonemura species widespread in Europe, only four have colonized the Pyrenees : P. intri-(24) 22 corsicana canigolensis risi bucolica cata intricata, P. meyeri, P. montana and P. praecox praecox. The widespread species P. risi is replaced by its sister species P. spinulosa that occupies the northwestern Iberian Peninsula.
The Pyrenean Protonemura communities are therefore characterized by a high degree of endemism (54 %). The 7 endemic species are strongly orophilic, which could explain their isolation : P. culmenis (2000-2700 m), P. zhiltzovae (1900-2250 m), P. tuberculata (1300-2550 m), P. vandeli (800-2400 m), P. canigolensis (600-2150 m), P. angelieri (600-1850 m) and P. pyrenaica (300-2200 m). Among them, four could be considered micro-endemic species since they are localized in a restricted mountainous area within the Pyrenees, from east to west : P. canigolensis, P. culmenis, P. zhiltzovae and P. angelieri (Fig. 12) .
Pyrenean endemism also occurs in other stonefly families, especially the Leuctridae with 13 species (Vinçon & Ravizza 2001 ). The isolation is more important on the northern slope of the chain that is directly submitted to the Atlantic influence. In these humid places, the crenophilous species are often shortwinged (Protonemura zhiltzovae, Capnioneura brachyptera, Leuctra zwicki and L. joani) or even apterous (Capnioneura aptera and Leuctra clerguae), increasing their isolation (Vinçon & Ravizza 2000 , Vinçon & Sanchez-Ortega 2002 .
Massif Central
The Massif Central fauna is influenced by its position at the crossroads between the Alps, the Jura and the Pyrenees (Fig. 11) .
Most Protonemura species occurring in this massif (75 %) are widespread in Europe : P. intricata, P. meyeri, P. montana, P. nitida, P. praecox and P. risi. For these species, the main migration way between the Massif Central and the rest of Europe is following the western edge of the Saône Valley (Morvan, Bourgogne, Langre Plateau, Vosges) and then crossing the Rhenan depression and the German Black Forest (Berthélemy 1965) (Fig. 11, arrow 1) .
On the contrary, the wide valleys of the Rhône and Saône Rivers constitute an efficient ecological barrier for orophilic species such as P. brevistyla, P. lateralis and P. nimborum that reach the Jura or Vosges Massifs but not occur in the Massif Central (Aubert 1963d) .
On the southern edge of the Massif Central, the Garonne and Aude Valleys (Carcassonne depression) also constitute an efficient barrier for the numerous Pyrenean endemic species (Berthélemy 1965) . Nevertheless, this ecological barrier is less efficient than the Rhône and Saône Valleys, since few elements occurring in the Massif Central have a Pyrenean origin (Protonemura beatensis, Leuctra despaxi, L. castillana and Isoperla acicularis) and since strongly orophilic European stoneflies have also succeeded to cross this depression (Protonemura montana, Perlodes intricatus, Capnia vidua, ...) (Fig. 11, arrows 1) .
Orophilic isolation is rather poor in the Massif Central, with only three endemic species and one Protonemura : P. vercingetorix, Isoperla ambigua and Leuctra flavomaculata. Therefore, the rate of endemism in the whole stonefly family is much lower in the Massif Central (5 %) than in the Pyrenees (24 %), probably due to the lesser altitudes (Massif Central: 1885 m, Pyrenees: 3404 m) and to the influence of the Pleistocene glaciations.
Alps
In contrast to the Pyrenees where the species richness is mainly due to a high rate of endemism, the richness of the French Alps is due both to the presence of numerous species widespread in Europe (P. brevistyla, P. intricata intricata, P. lateralis, P. meyeri, P. nimborum, P. nitida, P. praecox praecox and P. risi) and to the presence of Italian elements that occur only in the French Maritime Alps close to the Italian border : P. caprai and P. ausonia padana (Fig. 13) .
Of course, there are several endemic Protonemura species in the whole Alpine Massif, but only two extend as far as the French Alps : P. nimborella and P. algovia. The former is frequent and has a continuous distribution all along the chain while the latter is always very scarce and seems to be limited to few scattered localities (Fig. 13) .
Jura and Vosges
The Protonemura fauna of these two neighbouring massifs is rather similar, also resembling the alpine fauna. Nevertheless, the Vosges fauna is characterized by several Central North European species occurring in the German Black Forest but not present in the Jura and western Alps : Protonemura montana, Leuctra digitata, Diura bicaudata, Arcynopteryx compacta, Isoperla goertzi, Siphonoperla neglecta. Indeed the Vosges and Black Forest stonefly fauna are very similar, despite the Rhenan depression (Aubert 1963b ).
Brittany
The fauna of Brittany is mainly a subset of the Massif Central fauna, with the presence of both widely distributed species (P. intricata intricata, P. meyeri, P. risi) together with a western European element, P. beatensis (Fig. 11, arrow 4) .
Corsica
Among the 12 Corsican stoneflies, two belong to the Protonemura genus : P. corsicana Morton, 1930 and P. bucolica Consiglio, 1957 . They are both Corsican endemic species belonging to the corsicana group that has mainly a circum-Mediterranean distribution. This group also extends to the Black Sea and Caspian regions (Vinçon & Zhiltzova 2004) .
Comparison with the neighbouring massifs
The Pyrenees compared to the Cantabrian Cordillera and Galicia
The Pyrenean richness in endemic species can be compared to that of the Cantabrian Cordillera and Galicia. Indeed in this huge chain extending westwards from the Pyrenees three endemic Protonemura species occur , together with 12 other endemic stonefly species (Vinçon & Pardo 2004) . As in the Pyrenees, the great richness of this mountainous region is mainly due to the humid Atlantic influence that favours crenophilic and orophilic isolation. Here also, the isolation is increased by a tendency for shortwingedness (5 brachyperous and 1 apterous taxa : Leuctra wilmae, L. microstyla saja, L. microstyla microstyla, L. microstyla nalon, L. besucheti and Capnioneura narcea).
The Alps compared to the Apennines and Sicily
The genus Protonemura appears much more diversified in the Apennines than in the Alps. Indeed, 13 endemic species display a succession from North to South in the Apennine Chain and its continuation into Sicily : P. tyrrhena, P. elisabethae, P. robusta, P. ausonia ausonia, P. salfii, P. costai, P. hirpina, P. macrura, P. italica, P. lagrecai, P. consiglioi, P. sicula and P. helenae (Consiglio 1979, Nicolai 1985) . On the other hand, in the whole Alpine Chain only four endemic Protonemura species occur : P. nimborella, P. algovia, P. bipartita and P. julia.
Contrary to Protonemura, endemism in the Leuctra genus is much more important in the Alps with 25 species compared to the Apennines and Sicily with only four endemic species : L. costai, L. silana, L. archimedis and L. concii (the last one also estends to the Maritime Alps) (Consiglio 1979 , Vinçon 1996 .
The remarkable difference in the composition of the Protonemura and Leuctra communities in the Alps and Apennines could be due to zoogeographical reasons and climatic preferences. The Leuctra species have a preference for the more humid regions such as the western Alps, western Pyrenees, Cantabrian Cordillera, Galicia, Turkish Pontique chain , Vinçon & Ravizza 2001 , Vinçon & Sivec 2001 , Vinçon & Pardo 2004 , the genus Protonemura is more diversified in drier mountainous regions such as the Apennines or the western Turkish coast (Consiglio 1979 , Vinçon & Zhiltzova 2004 .
